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Extension and outreach programs combine University instruction and research,
with off-campus outreach and service to the community. Successful public education
requires training in which colleges and their education services provide programs
relevant to today’s needs. To better engage with the public, institutions and Extension
professionals often partner with private and not-for-profit organizations to provide
training opportunities. The following thesis reviews one such partnership with the
University of Nebraska-Lincoln and Kimmel Orchard & Vineyard that provides sciencefocused, on-farm experiences and agriculture production training programming. Chapter
1 reviews their partnership since it began in 2005 and highlights examples of current
farm-to-table education and conservation programs emphasizing the roles beneficial
insects play in agroecosystems. Given the popularity of beekeeping, the reasons for
keeping bees and demographics of beekeepers have greatly diversified over the past
decade. With the evolving needs in beekeeping, innovations are necessary to provide
scientifically vetted, evidence-based, and time-tested tools for beekeepers. Chapter 2
provides an evaluation of alternative honey bee hive structures comparing productivity
and colony performance across three hive types to assess advantages and disadvantages
for each. Results indicate minor differences in overall colony productivity, including
some differences in brood and adult population, wax, pollen and nectar production levels

between colonies managed in smaller boxes (Supers) compared to the other two hive
types, but with no significant differences in overall honey yield, mite counts nor
survivability. Data suggests that using alternative hive structures that require less physical
labor such as smaller boxes (Supers) or hives that expand horizontally (Brummels) will
be comparable to using the standard Langstroth hive structures (Deeps) and will not
impact colony performance measures. The results of this study identify alternative
options for managing bee colonies without the heavy lifting requirements of the standard
Langstroth method and promotes local engagement regarding the importance of
pollinator-friendly landscapes and practices that support healthy landscapes for managed
and wild bees.
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CHAPTER 1: DEVELOPING INTEGRATED POLLINATION
CONSERVATION AND RESEARCH EFFORTS AT KIMMEL
ORCHARD & VINEYARD
1.1 Abstract
Extension and outreach programs help bridge communication between the public
and the science community. My graduate program with the University of NebraskaLincoln (UNL) Bee Lab was partially funded by Kimmel Foundation to develop new onfarm training opportunities and engagement at Kimmel Orchard & Vineyard. Through
this chapter, I review the pollinator-related education conducted at Kimmel Orchard &
Vineyard as well as experiences with the virtual classrooms developed in response to
social gathering restrictions mandated during the COVID-19 pandemic. The advantages,
disadvantages, and challenges to converting to virtual platforms, such as maintaining key
features of effective communication, like reinforcement, building on prior knowledge,
and diversity of instruction, are examined and discussed. Despite the many challenges
that came with starting something new, the virtual classroom increased reach and made
programing available for many that previously would not have participated. Therefore,
Extension professionals should consider adopting the hybrid system of in-person and
virtual platforms in the classroom for future programs.
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1.2 Extension and outreach education programs
Extension and outreach education programs are classified as non-credit education,
meaning there is no formal evaluation or test of the subject’s post-activity as one would
find in a primary school or academic setting (Association of Public & Land-Grant
Universities, 2021). Extension is primarily defined as having targeted learning goals that
are land-grant and mission-oriented (Mack & Stolarick, 2014). Land grants are funding
sources unique to higher education institutions because of the government-mandated
foundation stemming from the Morrill Acts of 1862 and 1890 (NASULGC 2008, Mack &
Stolarick 2014). Land-grant institutions were designed more than a century ago to provide
a new kind of education to suit the needs of agricultural workers and industrial labor
(Kellogg, 1999). The host institution of this study, the University of Nebraska- Lincoln
(UNL), has been a land-grant institution since February 15th, 1869 (NASULGC, 2020).
Extension education programs are tied to land-grant universities (Mack &
Stolarick, 2014) due to land-grant status implying several types of federal financial support
(Association of Public & Land-Grant Universities, 2021). Extension programs are based
on a mission and an organization. Extension education is the primary university link to
local communities and is heavily influenced by stakeholder’s needs (Fletcher, 2006). The
tie between the science community and the general public allows for immediate feedback
on emerging local needs and services (Fletcher, 2006).
Outreach education, on the other hand, does not have an obligation to land-grant
missions. Public outreach broadly refers to any general educational programs that engage
with the community. The engagement can be short- or long-term and active or passive,
depending on the programing. All sorts of organizations conduct public outreach, from
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museums to not-for-profit groups and private businesses. Outreach events can be as indepth, targeted, and impactful as Extension training and conversely, Extension programs
can have a fun and spontaneous side as well. While UNL is a land-grant institution, not all
education programs are funded by grants. Funding for education programming allows
resources and materials to be customized for targeted training and engagement, key aspects
in program success.

1.2.1 Targeted training and engagement
Extension and outreach programs may be distinguished in various ways. In this
review, categorical differences defining “outreach” and “Extension” include the depth of
knowledge and information shared, the types of funding sources and audiences served,
design and delivery of the programs, and how impact is measured (Fletcher, 2006) (Table
1.1). Extension has more targeted learning goals due to the focus of funding, audience,
programming, and impact; therefore, targeted training is necessary to accomplish the
specific goals set by Extension.

4
Depth of
knowledge
Funding
Audience

Examples in
this study

Extension
Targeted learning goals

Outreach
General knowledge awareness

Land-Grant

Varies; sometimes volunteerbased
● Not targeted, open to public
● Youth & General Public
● Information delivered via
tabling events,
demonstrations, Q&As, and
games

●
●
●
●

Targeted audiences
Learning communities
Adult or Youth
Information delivered via
Lectures, Activities,
Demonstrations, Courses,
Workshops
● Beekeeping training courses
● Girl Scouts conservation
programs
● STEM youth camps

● Kimmel AppleJack Festival
● Schramm Pollinator Day
● Lincoln Zoo Ask-anEntomologist

Table 1.1. The general differences observed between Extension and outreach as defined
in this research.
Targeted training selects specific learning objectives or tasks and evaluates
outcome measures relating to the topics being taught (Stojanoski et al., 2018). Targeted
training also begins with identifying the audience, material to be taught, and then
customizing the information into a lesson plan. Lesson plan development includes building
new content, activities, and materials appropriate for the target audience and learning goals.
To target training, the education program developer must understand the needs of
the customers. Public engagement is key to receiving and assessing feedback from the
community on their needs and concerns (Jamieson, 2020). By interacting with those in the
community, land-grant colleges and their education services can provide programs relevant
to today’s needs (Fletcher 2006, Jamieson 2020).
Targeting training is also applicable for outreach education programs. The funding
source may be different than Extension, but one of the goals is the same: public
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engagement. The question any education program host should continuously consider is,
“Who are our customers and how do we best meet their needs?” (Lindner & Dolly, 2012).
For outreach programs that are open to the public, educators may or may not engage with
the same people. To contrast, Extension educators often work closely with stakeholders
and engage repeatedly with the same groups of people. Therefore, Extension educators
often need to establish a strong working relationship and reputation. Key factors for
establishing such strong relationships between Extension educators and their
community may be met by the following tenets:
● Be a credible and practical source for information: Knowing one’s audience is
not the only consideration. Educators for both Extension and outreach must also be
reputable representatives and conduits for reliable, scholarly information.
Information taught should be supported by a disciplinary knowledge base and
emerge from community issues and needs (Kellogg, 1999).
● Recognize the return on investment and measure impact: According to
Richardson (1996), Extension and outreach programs must provide quantifiable
measures of impact including calculations on return of investments (Lindner &
Dolly, 2012). Engagement through Extension and outreach goes beyond
conventional public service (Kellogg, 1999). By measuring impact, educators can
better understand to what degree the learning goals were met and adjust the program
to ensure it is a two-way street defined by sharing and reciprocity (Kellogg, 1999).
● Communication and delivery: The main objective of communication is about the
outcome, reaction, and change in participants’ attitudes and/or behaviors (Garcia,
2012). Without effective communication, the message does not reach the audience
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as intended. Informative, relevant, and easily understandable messaging and
communication builds trust, inspires loyalty, and empowers students to implement
the information learned (Garcia, 2012). Relating to, inspiring, and motivating
people are critical communication and delivery concepts because they drive change
in practices and behaviors of the students.

1.2.2 Importance of communication in education
Effective communication is the exchange of information, thoughts, knowledge, or
ideas so the purpose or intent of the message is met in the best way possible (Alawamleh
et al., 2022). As instructors, communicating information so students receive the message
as intended is essential to effective teaching (Hattie, 1999). Research has indicated there
are over 71 different learning schemes through which people tend to take in information
(Coffield et al., 2004). Extensive review of data has so far concluded no statistically
significant support for style-based (visual, verbal, kinesthetic) instruction (Curry 1990,
Coffield et al. 2004, Pashler et al. 2008, Willingham 2009, Rohrer et al. 2012). The
implication is instruction and learning are more effected by other variables. There is a
larger impact on student learning based on educational interventions as shown in Table 1.2
from an extensive meta-analysis by Hattie (1999). Educational interventions drive student
learning and retention but vary in degrees of influence, as measured by its effect-size.
Educational interventions are from the teacher and/or educational system to provide
support and skills to students and address academic, cognitive, functional, behavioral, and
social skills that could directly impact the student’s access to learning (Lestrud, 2013).
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Table 1.2: An effect-size is the measurement for expressing the magnitude of study
outcomes; for example, an effect-size of 1.0 indicates an increase of one standard
deviation, typically associated with advancing a student's achievement by one year,
improving the rate of learning by 50%. Table extracted from Coffield et al. 2004
(original research from Hattie, 1999).

To concentrate limited education resources and time, efforts in this chapter focused
on interventions with the largest effect sizes (greater than 1.0):
1) Reinforcement. Reinforcement of learning behavior involves the learner receiving
stimuli (e.g., opportunity to engage, letter grade) based on the learner’s performance of a
target behavior meeting a specific criterion (e.g., correct response to question) (Skinner et
al., 2004). Teaching relates to communicating information to students, evaluating how the
students understand this information, and then relating the next act of teaching to the
student’s current comprehension (Hattie, 1999). Basic understanding of human learning
and memory is essential for effective teaching; one means of improving a learner's memory
is through testing (Roediger & Karpicke 2006, Pashler et al. 2008). Reinforcement was
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implemented in this study through maintaining a small class size and increased
opportunities for student feedback and providing corresponding challenging goals to occur.
Specific examples from this project can be found in sections 1.5.3 and 1.5.4.

2) Building on prior knowledge
Prior knowledge and experiences help students put new information into context
and allows them to make sense of the world around them (Pashler et al. 2008, Willingham
2009). Building on prior knowledge in relevant and relatable ways fosters a stronger selfunderstanding and retention of information which further motivates students to learn (Apter
2001, Coffield et al. 2004). Building on prior knowledge was implemented in this study
through relatable concepts and the use of concrete examples, demonstrations, and handson activities that promoted learning. Specific examples from this research can be found in
sections 1.5.3 and 1.5.4.

3) Diversity of instruction.
Innovation of education materials has a direct correlation to improving the quality
of learning because innovative techniques can capture the attention of students (Hattie,
1999). Coherent communication of content involving a combination of different forms of
instruction, such as words and figures, will reinforce the information for learners (Pashler
et al. 2008, Cook et al. 2009, Rohrer et al. 2012). Incorporating different types of problems,
or interweaving practice on what is to be learned, improves long-term information retention
and transfer (Pashler et al., 2008). Creating diverse instruction material may appear to slow
the learning process because educators do more than lecture or read out of a textbook
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(Pashler et al., 2008). In-person instruction was shifted to a virtual platform in 2020 due to
mandated restrictions preventing social gatherings and travel in Nebraska as well as many
other states during the COVID-19 pandemic, leading to necessary diversity of instruction.
For example, learning materials were mailed to students so they could still learn hands-on.
Overall, for Extension and outreach educators to effectively communicate their
content and have it received as intended, reinforcement of information, building on prior
knowledge, and implementing diversity of instructional methods should be considered. The
focus of my project from the perspective of an Entomology lab has been pollinator
conservation Extension and outreach and reviewing what is being done currently in
Nebraska.

1.3 Introduction of pollinator conservation efforts in Nebraska
1.3.1 Importance of pollinators and conservation efforts
Bee pollinators, such as managed honey bees and wild bees, provide essential
services to humans and the value of these services to the economy has become increasingly
well quantified (Braman et al., 2022). The annual value of pollinator services, including
ecological services by unmanaged “wild” bees in the United States, has been valued at
approximately $57 billion USD (Losey and Vaughan, 2006).
Social challenges of pollinator conservation include the generalization of honey
bees as representative of bee diversity and pollinator conservation issues (Hall et al., 2020).
Pollinator conservation education needs to distinguish between "managed" versus "wild",
“non-native” versus “native” or “introduced” and “naturalized” species because these
terms are often misused or not well defined which can confuse messaging in conservation
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education programs. The honey bee (Apis mellifera L.) is a managed species, classified as
livestock, and is best-known for its production of harvestable honey and ease of studying
and containment. While managed bees receive stirring public support, pollinator
conservation is a compound, multi-species issue (Hallmann et al. 2017, Wilson et al. 2017,
Hall et al. 2020). Teaching people how to manage honey bees for pollination and honey
production does not contribute to conservation efforts directly. Beekeepers are sometimes
at odds with conservationists over access to pollinator-friendly habitat.
The problem is communicating clearly to the general public the vital importance of
all bees and beneficial insects and promoting practices that enhance habitat that support
beneficial insect communities broadly (Hall et al., 2020). The public cares about insect
pollinators (Hall et al., 2020). Therefore, experts must engage any inaccuracies and
promote pollinator conservation in both formal and informal education settings.
Education and communication are key elements to provide informed bee pollinator
conservation (Braman et al., 2022). Connecting the public with pollinator conservation
efforts can increase the breadth of pollinator research and environmental literacy (Jago
2019, Braman et al. 2022, Griffin et al. 2022). Nationally, educational programming related
to pollinator conservation efforts varies from community or citizen science projects to
public school gardens and even scientist-lead instruction (Griffen et al., 2021).
In Nebraska, pollinator conservation programming, is delivered by professionals
and educators across Nebraska Extension, including the faculty, students, and technicians
within the University of Nebraska-Lincoln (UNL) Bee Lab, which is my graduate program
home lab and the focus of this thesis. The UNL Bee Lab emphasizes the difference between
managed and wild bee pollinators. The UNL Bee Lab promotes pollinator-friendly
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stewardship and habitat enhancement practices through broad awareness and targeted
programming.

1.3.2 Broad and targeted programming
Broad awareness programs include general knowledge awareness events which are
open to the public. Information is delivered passively through tabling events,
demonstrations and answering questions. The importance of broad programming is it can
allow for interactions with a large, public audience in a short amount of time. Broad
awareness programs provide opportunities for educators to share baseline information
about pollinator conservation. An example is pollinator-friendly plant guidance and proper
pesticide application guidelines for human and pollinator health. Educators can also
assuage fears of stinging bees and help the public discern bees from other stinging insects,
like wasps, both of which play beneficial roles (pollinators and predators) within the
agroecosystem.
The UNL Bee Lab offers a variety of broad awareness programs. One example was
the AppleJack Festival hosted by Kimmel Orchard & Vineyard in Nebraska City.
AppleJack Festival was held September 2021 and is an annual fall event spanning three
days. Thousands of people stopped by the UNL Bee Lab tables (Figures 1.1-1.2). The
AppleJack annual program allowed for short but intentional conversations about how
honey bees are important for pollination services, and comparisons between their
management compared to wild bees. The key intended message from the UNL Bee Lab
was individual pollinator conservation actions, such as installing pollinator-friendly plants.
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Visitors were offered free packets of native plant seeds (e.g., Monarda fistulosa, Gaillardia
pulchella, Asclepias syriaca) and informational flyers from educators.
In addition to broad awareness programming, the UNL Bee Lab created and taught
programs for targeted audiences, typically adult or youth-based. These programs had
specified learning goals. Information was delivered through lectures, activities,
demonstrations, courses and/or workshops. The importance of targeted programs is these
programs directly pair the information sought by the audience with a specialized university
educator. The ratio of students to instructors is typically smaller than broad awareness
programs, which provides increased opportunities for student feedback.
Examples of targeted programs taught by the UNL Bee Lab included pollinator
habitat installation workshops. The target audience for the habitat event was adult
landowners. These students were given hands-on learning opportunities through installing
plants that provided diverse nectar and pollen sources for pollinators (Figure 1.3-1.4).
Another targeted program by the UNL Bee Lab was 4H “Clover College” for youth ages
10-18 years old. We taught students the difference between managed bees versus wild bees
and how nectar- and pollen-dense plants would help all pollinators. Then, we built a
wooden, wild bee house. The wild bee house project encouraged students to safely use
tools and learn hands-on. Students interacted with nature in positive ways, such as
observing wild bee nesting activity in constructed nests and establishing more pollinatorfriendly plants for bees to visit (Figure 1.5). Other targeted programs were beekeeping
training courses, Girl Scouts conservation programs, and STEM youth camps. In summary,
the UNL Bee Lab broad awareness and targeted programs on pollinator conservation
served a range of ages.
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1.3.3 Review of Nebraskan audiences
Through popular news articles and media, insect pollinators are becoming more
visible to the public. Learning about insect pollinators has been shown to increase positive
attitude, decrease fear, and grow interest in insect pollinators (Hall et al., 2020). With the
wide-spread instruction of pollinator programs, the value of the information taught is
highly dependent on the instructors' experiences and knowledge (Hall et al., 2020).
Youth, ranging from elementary school to high school, is a target audience for
pollinator conservation education in Nebraska. Youth are target audiences for pollinator
education because the demand for pollinator education has increased (Hall et al., 2020) and
concern is raised about youth losing connection with nature more than previous generations
(Louv, 2005). Organizations such as 4-H, Future Farmers of America (FFA), and Girl
Scouts primarily drive outreach and Extension in pollinator subjects. 4-H is one of
America’s largest cooperative Extension programs for youth providing hands-on learning
experiences for young people. FFA is also a youth-centered program, providing
opportunities for leadership and jobs in science, business, and agriculture. Girl Scouts is a
youth organization for girls, empowering confidence through activities, community service
and character development.
There is limited pollinator education for adults in Nebraska. The Nebraska
Pollinator Habitat Certification Program (NPHCP) (Figure 1.4) provides resources but not
training. NPHCP was created in 2016 through Nebraska Extension by Extension educators
Natalia Bjorklund, Kathleen Cue, Scott Evans and Mary Jane Frogge. Homeowners and
businesses may apply to certify their pollinator-friendly garden habitats which must meet
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various requirements for seasonal plants, shelter, water sources, conservation practices, and
restricted pesticide-use (http://go.unl.edu/pollinatorhabitat). NPHCP provides some
information online, via newsletters and seminars, and in-person, via pollinator-friendly
habitats signage, but does not have direct engagement or follow-up training to reinforce
these

concepts.

The

Great

Plains

Master

Beekeeping

(GPMB)

Program

(https://gpmb.unl.edu/) Learning Series has started to bridge the habitat programming,
beekeeping management education, and farm to table concepts for adult learners. GPMB
is a beekeeper training and certification program teaching about honey bee management
while also discussing the larger implications of pollinator conservation through habitat
creation and management. Large programs like GPMB require local venues and instructors
to bring the pollinator conservation material to their target audience. Kimmel Orchard &
Vineyard in Nebraska City, Nebraska is one example of an education-focused organization
that brings together the applied sciences into current educational programming for youth
and adult audiences.

1.4 Kimmel Orchard & Vineyard education farm
Kimmel Orchard & Vineyard (https://www.kimmelorchard.org/) is a 40-acre
orchard in Nebraska City, Nebraska founded by Richard and Laurine Kimmel in 1925
(Figures 1.6-1.7). In 2005, Kimmel Foundation and the University of Nebraska-Lincoln
(UNL) created the Kimmel Education & Research Center. The Kimmel Education &
Research Center is an on-site Extension center which focuses on “community vitality
initiatives and providing education programs on youth science, technology, engineering &
math.” (Kimmel, 2021). The Kimmel Education & Research Center works with UNL
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Extension to provide a comprehensive education experience by generating innovation and
putting research into practice. The Kimmel and UNL Extension partnership efforts focus
on alternative agriculture programming and science-focused youth development (Kimmel
2021, UNL Extension 2022).
Education programs previously offered by UNL Extension staff at Kimmel
Orchard & Vineyard focused mainly on orchard production and viticulture.

UNL

Extension and Kimmel Orchard & Vineyard staff turnover and retirement between 20132018 had led to significant decreases and gaps in education programming and
opportunities. As a result, Kimmel Orchard & Vineyard sought to recruit more faculty to
work on-site and several early career faculty from the Department of Entomology were
interested in the opportunities to conduct on-farm research and provide pollinator-related
education on-site. Therefore, for the past three years, the UNL Bee Lab has focused on
integrating pollinator conservation education with applied research efforts in farm and food
production systems. My review highlights the history of public engagement efforts and
methods applied to improve on-farm Extension and outreach educational experiences
implemented more recently to develop pollinator conservation programming at Kimmel
Orchard & Vineyard.

1.4.1 Past programs
Past Extension programs at Kimmel Orchard & Vineyard prior to 2013 had a
distinct focus on viticulture (the cultivation and harvesting of grapes), cider management,
and tours of the orchard. Some examples of past Extension programming included training
on pesticide application for orchards, small-scale farming workshops, and Master Gardener
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training. A pollinator-themed playground was built at Kimmel Orchard & Vineyard. Then
in 2019, the Buzz’s Apple Hunt (developed by Biba Ventures®) app was created to
highlight the importance of bees through technology at Kimmel Orchard & Vineyard. The
app is a series of activities the child(ren) and parent complete together on the playground
and then click on the app for the next activity. The intention was to help youth ages K-5
alongside their parents better understand the important role of pollinators in food
production paired with the playground (Kimmel, 2021). The app provides facts about
pollinators in agroecosystems but there is no assessment of knowledge gained. Active
follow-up is necessary to monitor if the audience is actively connecting the role of
pollinators to food production.
The partnership between Kimmel Orchard & Vineyard and the UNL Bee Lab has
taken their outreach programming, mostly focused on orchard production, to a more
integrated level as a reputable pollinator research and teaching farm. The current and inprogress integrated and active education programs initiated by the UNL Bee Lab at Kimmel
Orchard & Vineyard include exploratory beekeeping courses, on-farm tours around the
orchard, and a research apiary to discuss relationships between fruit and insect pollinators.
Programs also include small- and large-scale pollinator habitat planting demonstrations,
advanced training courses such as honey bee queen rearing, marketing and value-added
courses with beeswax, youth camps, outreach activities such as AppleJack Festival with
beekeeper in a box, honey extraction demonstrations, and educational, seasonal and
interactive trail signage.
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1.4.2 Current programs
Since the partnership in 2018 between the UNL Department of Entomology and
Kimmel Orchard & Vineyard, programming goals transitioned to more robust farm-totable education. Kimmel Orchard & Vineyard management was also interested in finding
ways to encourage more visitors to use nature trails and underutilized “nature areas”.
Additionally, there is little known about the pollinator community present at Kimmel
Orchard & Vineyard, despite the critical need for pollination by insects for producing
apples, pears, pumpkins, and many other fruits grown on site (Figure 1.9).
To address the goals of Kimmel Orchard & Vineyard, the UNL Bee Lab actively
conducts research, promotes pollinator health, and educates about sustainable land
stewardship practices on site. Drs. Judy Wu-Smart and Autumn Smart lead the UNL Bee
Lab which focuses on research to better understand the biotic stressors (pests and diseases)
in bee health and their interactions with environmental abiotic stressors (habitat, land use,
land use change, and toxicants). Undergraduate and graduate students in the UNL Bee Lab
focus their research on one of two options: 1) managed honey bee systems and how to
improve beekeeping practices for economic profit or 2) unmanaged wild bee communities
to better understand which species are present in Nebraska and which habitats and
resources best support healthy and diverse pollinator communities.
Another key aspect of student training through the UNL Bee Lab, is professional
development as science educators and communicators. Throughout their program, students
are guided through their research objectives as well as on developing applied science
deliverables through Extension workshops and or publications. Therefore, students are
encouraged to participate in Extension education, develop best management practice
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recommendations, such as NebGuides, and directly engage with stakeholders, partners, and
the public as part of their professional development training (Figure 1.8). These educational
efforts recently established at Kimmel Orchard & Vineyard were partially funded through
Kimmel Foundation support and have allowed for a suite of new pollinator conservation
programs to occur, especially important after a five-year absence and gap in Extension
research and education. The Kimmel Foundation’s support of the UNL Bee Lab students
has also helped Kimmel Orchard & Vineyard better engage with the community about
where our food comes from, how it is grown, and other farm-to-table concepts.
With the partnership revival at Kimmel Orchard & Vineyard, students have
integrated Extension and outreach components in their program to foster science
communication skills, promote science literacy, and engage with the local community
about the importance of pollinators. The core of education programs developed by the UNL
Bee Lab include incorporating the concepts of targeted training, active learning and
learning communities.
One of the primary Extension projects I developed at Kimmel Orchard & Vineyard
was a collaboration between the UNL Bee Lab, Kimmel Orchard & Vineyard, Girl Scouts
Spirit of Nebraska, Civic Entomology Lab, and the Nebraska Department of Agriculture.
Together, we planned a three-day program for Camp Catron at Kimmel Orchard &
Vineyard for the summer of 2020. Then I coordinated and developed activity lessons that
covered farm-to-table concepts and reviewed the importance of beneficial insects
(pollinators, predators, nutrient cyclers, biological indicators, etc.). In total, I coordinated
five workshops for the resident and statewide camps and collaboratively developed
programs with several UNL Entomology faculty (Drs Golick, Lynch-O’Brien, and Wu-
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Smart) which were also piloted by Nebraska Extension educators located near each
participating camp. These programs were focused on youth (K-12) education both formally
and informally, as well as training youth educators. The collaboration continued into a
virtual camp in July and August 2020 called “Insects in our Society”. The program focused
on various insect-related topics such as aquatic insect biomonitoring, invasive insects,
beneficial insects, and pollinator-friendly plants and landscapes. The instructors focused
on science literacy and the profession of entomology. The program was taught by UNL
staff and Nebraska Department of Agriculture faculty, experts on their topics. An outcome
of the partnership is the production of Kimmel Orchard & Vineyard patches for Girl Scouts
who complete future programs.
One of the outreach engagements is the AppleJack Festival, as mentioned
previously, hosted by Kimmel Orchard & Vineyard. The AppleJack Festival celebrates
apples, apple products, and orchard production, spans several days every fall, and is free
to the public. It was canceled in 2020 due to COVID-19 but was held September 18-19 in
2021. Roughly 10,000 people came to pick apples and purchase other orchard products.
This provided an opportunity for the public to learn about the role of managed pollinators,
like honey bees, and their role in fruit production. The UNL Bee Lab also showcased wild
bee specimens and discussed the importance of healthy landscapes and habitat for
beneficial insects in agroecosystems. Dr. Wu-Smart and seven UNL Bee Lab students and
technicians were in attendance to conduct “Beekeeper-in-the-box” demonstrations (Figure
1.1) with a live colony of bees as well as “honey tasting and extraction” demonstrations
(Figure 1.2).
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The integration of teaching, research, and public service through Extension and
outreach programs enabled the UNL Bee Lab, Kimmel Orchard & Vineyard and
corresponding partners to respond to critical, emerging issues with research-based
information. Originally, these programs were designed to be in-person. The outbreak of
COVID-19 one month into the 2020 season presented various challenges, the first one
being necessary adaptation from in-person to virtual education delivery.

1.5 Virtual programs and novel approaches to reach audiences
The original intent and traditional method for delivering education programs at
Kimmel Orchard & Vineyard prior to COVID-19 was to host in-person workshops and
camps. However, in March 2020, adaptations had to be made due to mandated COVID-19
restrictions and quarantines which prevented social gatherings of any kind to prevent
community transmission of the COVID-19 virus. Virtual programming was developed in
response and out of necessity to continue training and education events while following
public health guidelines. Youth and adult education programs were delivered virtually
asynchronously (e.g., YouTube videos) and synchronously (live webcasts via Facebook or
Zoom). The education portion of my research aimed to provide relevant information on
pollinator conservation education, specifically with wild bees and honey bees. The impact
was informally measured through youth and adult engagement and feedback on virtual
platforms and surveys (e.g., Qualtrics).
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1.5.1 Virtual platform conversion challenges
COVID-19 restrictions presented various challenges to educators. The first
challenge was the rapid learning and adaptation of in-person education programs to fit the
virtual platform. In some areas, schools and daycares were closed, and people were
required to quarantine at home. The virtual platform provided education materials and
options to support home-schooling efforts. The virtual platform also provided adulttargeted workshops and academic classes.
The various platforms readily available and used for virtual programming in my
research

included

Zoom(©2011),

Facebook(©2004),

Qualtrics(©2002)

and

YouTube(©2005). Zoom is a video conferencing application and was used for livestreaming education events. The University of Nebraska-Lincoln paid a “pro” subscription
for university staff, faculty, and students, which allowed meeting capacity up to 1,000
people and up to 30 hours for meetings. The free, public option only allows a meeting
capacity up to 100 participants and a 40-minute time limit for meetings. Zoom supported
engagement with the audience through video (Figure 1.11) and the chat box. Zoom also
allowed for recording workshops and sharing recordings with participants for later
viewing. A dedicated UNL Bee Lab Facebook event page was utilized for promoting
virtual events. Since people were not going out to public places where they could view
flyers and newsletters, Facebook events and postings were the primary medium to share
upcoming programs with the public. Facebook also provided a setting to post short videos
and information. There was also the option of live streaming on Facebook where people
were able to ask questions and receive answers in real time. YouTube allowed large-sized
video files to be shared, which was useful for videos providing step by step instructions for
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beekeeping management or pollinator habitat installation. While impact was not directly
measured, engagement through Facebook and YouTube was tracked. Both virtual
platforms measured analytics of reach (number of people who viewed the content) and
engagement (number of people who took action: liked, clicked on a link, shared) (Figures
1.12 - 1.13). We tracked which content received higher numbers of reach (impressions)
and engagement (action) on social media and responded by posting additional content on
those topics. The attribute of reoccurring and long-standing availability of virtual content
may be beneficial.
Converting existing education material to the virtual platforms was a challenge
because there was a condensed deadline. We wanted to maintain the original Extension
and outreach event dates set prior to COVID-19. Education materials had to be converted
digitally which required time to format PowerPoints for Zoom presentations. Videos
required even more time and expertise to create and edit for publishing on YouTube.
Educators had to rapidly learn about video editing, graphic design, and technology
interfaces such as Zoom, in order to effectively communicate with the public. YouTube
became a valuable resource for learning Adobe Premiere Pro to create videos, and a
resource for learning how to navigate virtual glitches. COVID-19 forced adaptation of
pollinator conservation programs from in-person to virtual mediums.

1.5.2 Pollinator conservation virtual program examples
One of the pollinator conservation programs was the Girl Scouts virtual insect camp
called “Insects in our Society” (Figure 1.10). The target audience was youth age ranging
from 10-14 years old (middle school age range). The original intent was for the Girl Scouts
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to attend a 3-day in-person camp at Kimmel Orchard & Vineyard in Nebraska City,
Nebraska. Due to COVID-19, the camp was converted to a virtual platform over Zoom and
still held over three days (July 8-10, 2020). Topics included beneficial insects, honey bee
hive activity, wild bee nesting, invasive insects, aquatic insect biomonitoring, and features
of healthy landscapes that promote biodiversity in agroecosystems.
Another pollinator conservation program was through the Great Plains Master
Beekeeping Program (GPMB) (Figure 1.14). GPMB is a multi-level training effort
spanning across several states, as far west as Wyoming and as far east as Michigan and
partnered under the UNL Bee Lab. Kimmel Orchard & Vineyard was a good location for
GPMB events because several partnering states are in the Midwest. The original intent was
to teach beekeeping management practices in-person at Kimmel Orchard & Vineyard and
other locations in Nebraska. Due to COVID-19, remaining beekeeping courses in 2020
were converted into virtual courses. In response to partners having to cancel in-person
programming, a GPMB Virtual Fun Day was launched. The target audience was primarily
adult learners. Over two days (June 13-14, 2020), GPMB provided approximately 16 hours
of lectures, field demonstrations, and maker’s workshop classes. The course had a mix of
lectures on research and management, demonstrations on value added products, and inhive demonstrations at different apiaries in Nebraska, Missouri and Iowa.
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1.5.3 Virtual platform advantages
Throughout the virtual education programs, common advantages were observed:

Greater geographical reach: Local workshops, conferences, and events normally host
local participants and bring in a guest speaker or two from out of state. The cost and time
of travel for participants and educators is a limiting factor. However, conversion to a virtual
program expanded the geographical range for participants and speakers because the
distance and time barriers were eliminated. The greater geographical reach led to more
speakers and attendees across states, institutions, academic and professional levels. In the
case of my research, isolation due to health and governmental mandates was a barrier for
education programs, but the virtual platform provided people with access to information.
For example, in the 2020 Girl Scout virtual insect camp, there were a total of 55
students from across 18 states. Roughly, 34.9% of attendees were from Nebraska, the host
state, 18% were from the west coast (California and Oregon), 18% were from the east coast
(Maryland, North Carolina, Rhode Island and Virginia), and another 5.5% were from the
south (Florida and Texas). Further, there was representation from nine additional states
(23.6% from Connecticut, Georgia, Illinois, Missouri, New Jersey, New York, Ohio,
Pennsylvania, and South Carolina). The same program was offered in-person in 2021, with
a total of nine participants, all from eastern Nebraska. Two of these students participated
in the virtual program in 2020 and returned for the 2021 in-person experience.
Travel distance was eliminated for the instructors teaching at the 2020 Girl Scout
virtual insect camp, allowing for extensive collaboration among busy professionals.
Several faculty and students from the UNL Bee Lab, UNL Civic Entomology Lab as well
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as instructors from Kimmel Orchard & Vineyard and the Nebraska Department of
Agriculture were all able to participate. Feedback from the instructors concluded they
would not have been able to participate if the program was in-person due to travel time and
distance.

Less limitation by facilities: For in-person education programs, the venue maximum
capacity limited how many people were allowed to attend. Typically, UNL Bee Lab inperson beekeeping training receives 30 to 80 participants with a couple guest speakers.
Using Zoom as the virtual platform, the capacity was increased drastically to 500 people.
There was still a limitation due to licensing restrictions, but no participants had to be turned
away due to lack of room.

GPMB virtual fun day had 681 registered participants

throughout the course of the day. There were 23 speakers from research & academic
institutions (n=7), Extension professionals (n=5), non-profit organizations (n=1), graduate
students (n=2), and local professional beekeepers (n=8) who spoke at the event. With no
less than 190 people attending at any given time throughout the day, the audience was
larger than any previous in-person event. The virtual platform allowed for a greater impact
by eliminating the barrier of limited physical space. Although the classes were large,
effective communication interventions of reinforcement were incorporated through
providing smaller, break-out groups. The smaller groups of 15 people maximum allowed
for increased opportunities for student feedback regarding the material taught. Groups of
15 people or less were encouraged because according to Hattie (1999), class sizes less than
15 demonstrate considerable positive benefits.
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Encouraged creativity and development of new, diverse activities: Changing lesson
plans from in-person to virtual encouraged creativity because innovation was necessary to
use different forms of instruction (demonstrations, hands-on activities, small group
discussion) on-line. The key communication methods discussed in section 1.2.2 were
maintained in our virtual programs. After the Girl Scout Insect Camp was converted from
in-person to Zoom, some activities had to be creatively refitted to still incorporate
instructional quality. For example, activities were designed to allow students to be
introduced to different kinds of social and solitary bees, explore various life strategies, and
discuss foraging and nesting requirements for these bees. Students were asked to construct
wild bee nests when instruction occurred in-person, but with virtual programming and
without access to tools and facilities, alternative activities had to be prepared. This
promoted diversity of instruction as innovative and engaging activities were created. One
example included the establishment of a simple bumble bee garden shelter (Figure 1.15).
Materials for bee nests and plants were shipped to the students’ home address along with a
printed program and teaching kit. The teaching kit included an inventory list of materials,
schedule of events, and step-by-step guides on all the hands-on activities over the 3-day
camp. Reinforcement was conducted through repetition of the material taught but in
different forms. The bumble bee nest activity is an example of reinforcement. Instruction
was provided on the shelter of solitary stem and wood nesting bees as well as social ground
nesting bumble bees. Lectures with many hive images and videos were utilized to inform
about the role bumble bees play in pollination and for monitoring environmental health.
Images and videos were shared over Zoom about what bumble bee nests look like, how
bumble bees pollinate flowers using certain buzzing frequencies, and their social caste
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system. After virtual instruction, students spent the afternoon building the bumble bee
nests in their own backyards. The learning outcomes included critical thinking and
problem-solving skills since the students had to dig in the soil and install the bumble bee
nest independently. The next day, everyone joined together via Zoom and the students
reflected on their experiences. The key piece of experiential learning was combining the
“doing” with the “reflecting”. Reflection was important for the students to make
connections to their experience and express their interpretation of the material. Reflection
also allowed for students to share their successes and failures from building the bumble
bee nest, such as having to adjust the installation location if soil was too hard. The handson activity presented discussion on how the bumble bees naturally seek specific habitats
conducive for reproduction and protection. The students continued to apply knowledgegained by observing foraging and nesting activity from wild bee shelters and plants they
installed during the program (Figure 1.16).

Diverse and new activities: New activities had to be developed to fit the virtual platform
and audience. For example, the Girl Scout lesson on pollinator-friendly habitat had to be
re-created but still maintain the goal of viewing, and preferably experiencing hands-on, the
features of a healthy landscape. The original intent was to walk around the pollinator
garden on-site at Kimmel Orchard & Vineyard. But since the program had to be virtual,
adaptations were made for a new and diverse activity. Plants were grown by the NE State
Arboretum for the program were previously going to be planted at Kimmel’s demonstration
garden but instead plants native to each Girl Scout’s home address were shipped to them
to be planted in their home gardens (Figure 1.17). Each participant received four plants,
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one blooming for the spring, early summer, late summer, and fall, to promote year-round
pollen and nectar sources. The students installed the plants in their own backyard, bringing
the lesson home to them, allowing for future discoveries beyond the three-day camp.
Student comments from the follow-up discussion during the workshop included making
the connection of food and shelter availability to sustain organisms like the bumble bees.
After the event, there was even a shared photo album, allowing for students to view each
other’s nests and installation.

1.5.4 Virtual platform disadvantages
Throughout the virtual education programs, common disadvantages were observed:

Limited experiential instruction: Through the conversion of the education programs
from in-person to virtual, experiential learning was reassessed for incorporation in virtual
platforms. With the virtual classroom, hands-on learning was eliminated if the students did
not have the same beekeeping equipment at home to practice with. With the virtual
beekeeping workshop, learning was limited to PowerPoint with photos and videos of
beekeeping management concepts. For example, the participants could not learn hands-on
about operating the smoker, fitting a beekeeping suit, setting up the hive equipment,
installing a live bee package, etc. Limited experiential learning created a challenge because
there was a larger learning gap for participants to jump straight into the hives on field day
without having previous hands-on the equipment.
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More distractions: Technology has been incorporated more the last few years into all
levels of academia and learning (Alawamleh et al., 2022). The global pandemic of
COVID-19 shut down in-person learning, where instructors and students met concurrently
in the same location. Educational organizations resorted to alternative means for
communicating through a virtual platform. Online learning in my study incorporates
learning through technology and typically from different locations. Communicating with
students in a virtual classroom is challenging because the virtual environment lacks body
language (Alawamleh et al., 2022). Since virtual programs can be streamed from anywhere
with internet connection, participants had more flexibility in their learning location. For
the virtual Girl Scout camp, roughly 56% of participants were within the targeted audience
(grades 4-8), 20% did not undeclared a grade, 9% were between K-3rd grade, and 15% were
in or entering high school (grades 9-12). Therefore, most participants streamed the virtual
camp from home with their parents available to help with the computer. Parents
participated with some of the Girl Scouts, which was beneficial because we reached more
individuals; however, a potential consequence was some students relied on their parents
for answers instead of acting more independently, as an in-person environment would
encourage.
Technological issues are prone to occur and since the virtual education platform is
completely reliant on the computers, audio, streaming system (for example, Zoom), and
internet, there are a lot of variables that could go wrong. With the GPMB Virtual Fun Day,
there were multiple instances where the participants could not join due to poor internet
streaming. The virtual platform had an issue and dropped the meeting for everyone, or
participants/instructors had to travel to a public venue with internet in order to have fast
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enough streaming. Those who did not have home access to fast internet had to find a
location with better internet and then stay there for the duration of the six-hour workshop.
Overall, an at-home virtual learning environment may hinder engagement. Rural
areas tend to have limited connection or slow Wi-Fi which can make the experience even
more frustrating for some. The potential connection issue is beyond control for event
organizers and instructors, so it is really an unpredictable factor. The home environment
proved potentially distracting with other family members and stimulation since it was not
at a learning facility away from familiar stimuli. These observations corroborated with
previous studies evaluated student learning outcomes in online courses: Brown and
Liedholm (2002) and Alawamleh et al. (2022) both found a majority of their online
students reported that their understanding of the material being taught online had become
worse than the same material taught in-person.

Less immediate feedback for instructors: There was less engagement with the Zoom
virtual classroom than when students were in-person. The virtual classroom platform has a
private chat box option. But audibly, only one person can be effectively heard and speak
at a time, which greatly limits any side conversations and discussions that normally occur
in a classroom setting. Previous studies have confirmed our findings that participants in
online courses struggle with connecting with others and view the online classroom as
“individualized learning” (Boling et al. 2012, Alawamleh et al. 2022. To mitigate the
limited interactions, we asked all students specifically to keep their video screens on to
improve interactions and check for engagement. Even while the students were muted, we
could read their body language and respond accordingly if we felt the student did not
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receive the message as it was intended. Another study by Vonderwell (2003) noted students
considered the online environment to be impersonal, leaving students feeling alone,
overshadowed by other students, or hesitant to share their ideas (McConnell 2006,
Alawamleh et al. 2022).
We mitigated the issue of an impersonal virtual classroom by maintaining a 1 to 5
ratio of instructors to students during break-out groups. During the GPMB Virtual Bee Fun
Day, participants could select which topic and corresponding group leader they wanted to
spend the 10-minute rotation. While rotations provided time for personalized question and
answer sessions, the format lacked the opportunity for participants to have conversations
with one another and connect personally. In-person workshops usually have 10-minute
breaks every hour, allowing participants to physically stretch, break up teaching duration,
and network with other participants and instructors. Through in-person breaks, instructors
were able to receive real-time feedback from students, which helped with future events but
also the current event as instructors incorporated frequently asked questions or concerns
into the next lecture. When virtual, students were less likely to provide real-time feedback
than when in-person.

1.6 Future needs and considerations for Extension educators
As interest in bees and demand for pollinator conservation increases, the
educational programs, messaging, and interactions with our audience must also diversify,
expand, and flex with current needs. Program diversification includes developing new
ways to engage with beekeepers, youth, and the general community, both directly with in-
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person interactions as well as indirectly with virtual and passive (online) learning
experiences.
Overall, there are valuable lessons learned from the virtual education experience.
The virtual platform can be used in conjunction with in-person events as a “hybrid” form
of education, in order to bring together the advantages of virtual, while addressing the
disadvantages.
A benefit of hybrid programming was recording the lecture portion while still
instructing live via the Zoom platform. Recording lectures saved time and allowed
participants to review the lectures again. We tracked engagement through YouTube metrics
showing new and returning viewers. For example, virtual beekeeping lectures were
recorded and sent to participants so they could watch them again, pausing when needed.
With in-person events, the participants would hear the material only once when the teacher
was speaking and could not “pause” and “rewind” to review material.
Another benefit was the ease of live streaming inside the hives during the lecture
portion, which provided an up-close view of the concepts being taught. Since students were
watching live over Zoom, they were able to ask questions and receive instant clarification
on any topics. The instructor would put the live-streaming camera inches from the live
bees, allowing people to get closer to the bees via video than most would feel comfortable
doing in-person when first introduced to beekeeping.
A final benefit of hybrid teaching was pairing educational videos through YouTube
with the in-person workshop. The videos helped to describe in-depth beekeeping
management practices that in-person venues would not have the capability or time to
conduct. For example, for my research, a video was created to demonstrate the waxing of
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honey bee frames (Figure 1.18). The process lasts at least 3 hours because beeswax takes
so long to melt. The video captured the process and could cut out the time spent preparing
while still providing the necessary information to conduct the management practice.
Engagement in Extension refers to the reach and relevance of the topics. Over the
last two years, we have increased our reach and utilized the engagement to highlight the
topics of interest as requested from the public. The feedback is necessary and accessible in
the virtual platform. The built-in user analytics on audience reach is a benefit to using
virtual platforms. In the case of the UNL Bee Lab’s YouTube channel, the highest
engagement was attained for demonstration videos. We also noted how over time, the
number of views increased with the same top-rated videos. For example, the video on how
to make and apply oxalic acid dilution for honey bee management had 96 views in October
2020 and over 300 views by March 2022. Improvements for videos include implementing
the feedback of common beekeeping management issues or questions and producing
innovative demonstrational videos to address those popular topics. Also, refreshing the
videos and content to increase engagement over time. The videos and online resources
provided tips about beekeeping while also increased awareness of beekeeping and
pollinator conservation services, courses, and what the UNL Bee lab does at Kimmel
Orchard & Vineyard. The visibility of Kimmel Orchard & Vineyard via virtual platforms
will hopefully encourage people to attend in-person courses, engage more in pollinator
conservation concepts, and draw people to visit Kimmel Orchard & Vineyard as a diverse
site for research and conservation efforts. Improvements utilizing technology include
measuring impact on the students through surveys and shared photos of wild bee nests and
installed pollinator habitat at their homes.
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The future need for Extension educators is to continue on-farm demonstrations
while incorporating effective education interventions to effectively communicate
pollinator conservation. Reinforcement of information was accomplished through smaller
class sizes and therefore increased opportunities for student feedback and providing
corresponding challenging goals. Building on prior knowledge was implemented in my
study through teaching from relatable concepts and using concrete examples.
Reinforcement and building on prior knowledge can be improved by following up a year
later with students and their at-home wild bee nests and pollinator habitat. Finally, diversity
of instruction was provided by combining different forms of instruction in innovative
mediums, such as preparing students with materials so they can still learn experientially.
Hybrid (in-person and virtual) classrooms and workshops allow for a greater geographical
range of participants and speakers, and increase visibility of programming in terms of
impact, while also providing the hands-on experience for those who choose to attend inperson. The hybrid educational approach initiated by COVID should remain because
access to education has never been greater, especially for those with physical, health and
travel limitations.
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1.7 Figures

Figure 1.1. Kimmel Orchard & Vineyard AppleJack Festival is a public event that
celebrates apples. The community event serves as a broad awareness program and
educational groups provide information and demonstrations focused on farm-to-table
topics, such as the role pollinators play in food production, as thousands of people visit
the orchard over several days (left). The “Beekeeper in a box” demonstration allow
students, like MS student Bridget Gross (right) to inspect a honey bee hive as spectators
watch her closely go through the process of beekeeping, learn how honey is made, and
about honey bee biology with minimal risk for stings and fewer safety concerns.
(Photos: Courtney Brummel).
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Figure 1.2. Following the “Beekeeping-in-the-box” demonstrations where the public
learned how bees collect and produce honey, the “Honey Harvest” demonstration
illustrates the entire hive-to-bottle extraction process as demonstrated by MS student
Sheldon Brummel (left). MS students Jennifer Weisbrod and Sheldon Brummel are shown
discussing foraging behavior, offering honey tasting, and tying discussions on how honey
flavors and colors vary with the diversity of floral nectar sources and their landscape
(right) (Photos: Courtney Brummel).
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Figure 1.3. Outdoor demonstration gardens and training on establishing pollinatorfriendly plants in small and large landscapes has been a popular pollinator conservation
education activity for adults and youth. The top images show an unused area between
walkways leading from the Kimmel Orchard & Vineyard visitor’s parking lot to the side
entrance of the education building before (left) and after (right) pollinator habitat was
installed in the unused space. The installation process was a group activity during the
Great Plains Master Beekeepers Training Program Learning Series class titled “Bee
Friendly Plants.” And one year later the space continues to serve as a demonstration
garden for other courses and a place to find, collect, and observe insects, a critical
aspect of many outreach activities (bottom, taken June 2020). (Photos: Courtney
Brummel).
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Figure 1.4. There are short courses, lectures, and online resources but overall pollinator
education training is limited for adults in Nebraska. The Nebraska Pollinator Habitat
Certification program provides resources and guides through a habitat certification
process but may not directly engage with participants (Photo: Courtney Brummel).
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Figure 1.5. The photos show the individual pieces used to assemble a wild bee housing
unit or shelter (left), which is placed in the garden and filled with hollow stems from
plants and or blocks of wood with holes drilled for cavity-nesting bees to utilize (right).
The “Build a wild bee nest” activity and experiential learning process can be modified
and adjusted to targeted audiences, such as adult versus youth programs, and maintains
engagement after the program ends because participants may bring home their
assembled nests and continue to observe and learn about the various insects that occupy
the new shelter. An instructional video on how to build the wild bee nest was also
developed to aid instructors and can be viewed at
(https://www.youtube.com/watch?v=PY_YJN9H6CM)(Photos: Courtney Brummel).

40

Figure 1.6. An aerial view of Kimmel Orchard & Vineyard in 2021; 40 acres, located in
Nebraska City, Nebraska. (Photo: Kimmel Orchard & Vineyard Educational
Foundation).

Figure 1.7. The founders of Kimmel Orchard & Vineyard in 1925, Richard and Laurine
Kimmel. (Photo: Kimmel Orchard & Vineyard Educational Foundation).
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Figure 1.8. The UNL Bee Lab has hosted over 20 Extension education events at Kimmel
Orchard & Vineyard since 2019. Education programs have focused on farm-to-table and
pollinator habitat installation, such as the large-scale installation learning series with
Pheasants Forever (left) and the small-scale pollinator habitat learning series (middle).
There have also been several beekeeping workshops held at Kimmel Orchard & Vineyard
to provide resources for management, such as the queen rearing workshop (right).
(Photos: Courtney Brummel).

Figure 1.9. Kimmel Orchard & Vineyard grows a range of fruit and vegetable bearing
plants. Honey bees foraging for pollen to bring back to their hive (left) are critical for
pollinating early spring blooming fruits, such as apples (middle) and cherries (right).
The cherries are past bloom by the beginning of May (photo taken May 7th, 2019), so
having ample pollinators on site in early Spring is an essential component for successful
orchard fruit production. (Photos: Courtney Brummel).
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Figure 1.10. Event flyer for a collaborative pollinator conservation program hosted by
the UNL Entomology, Girl Scouts, and Kimmel Orchard & Vineyard which had to be
converted into a virtual program due to COVID-19 pandemic restrictions (top) (Graphic:
Courtney Brummel). The virtual camp titled “Insects in our Society” took place in 2020
and was repeated the following year in-person so scouts could fully experience
beekeeping (bottom left) and learn about the role beneficial and pest insects play in
agroecosystems such as Kimmel Orchard & Vineyard (bottom right) (Photos: Dr. Judy
Wu-Smart).
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Figure 1.11. The virtual streaming application Zoom was run through smart phones top
live stream training sessions while in the field. MS student Sheldon Brummel is shown
giving a demonstration on preparing hive equipment while another student holds the
smartphone camera steady. A benefit of the virtual platform was visually demonstrating
technical skills without risking participants getting stung as well as having recordings of
live streamed lectures available for viewing later (Photo: Courtney Brummel).
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Engagement as of OCT2020

Engagement as of MAR2022

Figure 1.12. Some online platforms have analytic software that allow for easier
assessment of reach and engagement. For example, shown here are Facebook analytic
results that show engagement and reach has dramatically increased over the past two
years (from October 2020 to March 2022) and the highest reach occurred with
announcements for upcoming events, advice for beekeeping management or helping wild
bees, and questions that allowed for interaction with the audience. (Graphic: Facebook)
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Engagement as of OCT2020

Engagement as of MAR2022

Figure 1.13. Another example for assessing reach and engagement with online
participants is shown here from YouTube which provides analytics for measuring
engagement based on the number of views for each video. For the UNL Bee Lab’s
YouTube channel the highest engagement was with technical training and demonstration
videos. Over the last 2 years (October 2020 to March 2022), we have increased our
reach and continue to utilize the feedback assessment to inform new content and program
directions that meet public demands and address emerging issues. (Graphic: YouTube).
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Figure 1.14. The UNL Bee Lab’s beekeeping management team, the Great Plains Master
Beekeeping program, co-hosted a virtual bee fun day since all in-person programs were
converted to virtual in 2020. The figure above is a graphic shared on Facebook to
promote the event; it also captures the variety of topics covered at the workshop.
(Graphic: Courtney Brummel).
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Figure 1.15. A step-by-step guide on building a bumble bee nest. The guide and
materials were shipped to the Girl Scouts’ home address so they could still participate in
hands-on learning while the content was taught over Zoom.
(Photos: Judy Wu-Smart)
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Figure 1.16. Wooden blocks and stems for native bee nesting (left) were shipped to the
Girl Scouts. They installed the nesting material at homes. The students were able to
observe the nesting behavior of bees in the stems (middle) versus the wooden block
cavities (right) versus the bumble bee shelters (Figure 1.15). (Photo: Courtney Brummel)
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Figure 1.17. UNL Faculty Drs. Doug Golick & Judy Wu-Smart carefully added live
plants to the teaching kits that were mailed to the Girl Scouts for the Virtual Insect
Camp. Since the students attending the camp virtually lived all over the country, research
was done to ensure the plants shipped to each student were native to their location and
hardiness zone. (Photo: Courtney Brummel).
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Figure 1.18. Demonstration videos on YouTube and Facebook received the highest
engagement from the audience, therefore students developed short videos of even simple
processes, like coating wax on frames to stimulate comb production in bees (as shown by
former apiary manager Dustin Scholl) to provide useful tips for beekeepers. (Photo:
Courtney Brummel).
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CHAPTER 2: EVALUATION OF FUNCTIONALITY AND
PERFORMANCE OF HONEY BEE COLONIES MANAGED IN
ALTERNATIVE HIVE STRUCTURES
2.1 Abstract
Providing beekeepers with educational resources and verified management
practice recommendations will help mitigate the impact of poor management and help
beekeepers learn how to better care for their honey bee colonies. This study evaluates
three different hive structures for functionality (adult & brood population, wax, pollen,
and nectar production measures) and performance (mite loads, overwintering
survivability, and final honey yields) to elucidate advantages and disadvantages of each
hive structure type. Results indicate minor differences in overall colony productivity,
including some differences in brood and adult population, wax, pollen and nectar
production levels between colonies managed in smaller boxes (Supers) compared to the
other two hive types, but with no significant differences in overall honey yield, mite
counts nor survivability. Data suggests that using alternative hive structures that require
less physical labor such as smaller boxes (Supers) or hives that expand horizontally
(Brummel) will be comparable to using the standard Langstroth hive structures and will
not impact colony performance measures. Results and scientific recommendations
developed from my research may facilitate successful management of bees for a diverse
array of beekeepers and purposes, including conservation education.
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2.2 Introduction
2.2.1 Standard beekeeping practices and current challenges
The Langstroth hive structure was developed by Reverend Lorenzo Lorraine
Langstroth in 1852 to make inspecting and managing honey bee (Apis mellifera L.)
colonies easier (Figure 2.1)(Ramirez, 2000). The outer wood box hive structure holds
moveable wooden frames where beeswax comb is built and utilized to rear offspring and
store food resources (nectar, pollen) (Figure 2.2)(Nadel, 2010). The size of boxes and
frames encourages colony growth, honey production, and overwintering success. The
Langstroth design has been successfully used as the standard beekeeping structure in North
America for roughly 170 years (Ramirez, 2000) because it allows for the ideal bee space,
which is the natural spacing between comb and structure for bees to walk around (Hailu et
al. 2016, Amano et al. 2020). However, the heavy weight of boxes and physical labor
required to lift traditional Langstroth hive boxes restricts some people from being able to
effectively inspect and manage colonies well (Fels, 2019). Repeatedly lifting heavy boxes
filled with honey can be challenging for people of any age or gender (A.I. Root Company
1906, Rogers 2016, Gross 2020) and the physical labor required to move heavy beekeeping
equipment restricts people with limited mobility from age or injury from beekeeping
(Ingrao, 2021).
Along with physical challenges, beekeepers are facing increased challenges
maintaining healthy colonies due to a suite of biotic and abiotic stressors, such as infection
by hive pests and pathogens, limited forage and malnutrition, and pesticide exposure. And
if hive stressors are left unmanaged or poorly managed, than colonies weaken and/or die,
reducing profitability and increasing economic burden for beekeepers. Modern beekeepers
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are not just interested in keeping bees healthy for honey production but also providing
pollination services, producing value-added products, and/or offering educational
opportunities to aspiring beekeepers (Wakgari et al., 2021). The beekeeping industry
contributes extensive economic value in the United States through honey production
(valued at $321.22 million in 2021) (USDA & ERS, 2022) and through commercial
pollination services for food production systems (estimated valued at $1.6-$18.9
billion)(Morse 2000, National Resource Council 2007). Honey bees are classified as
livestock because they are an essential part of modern US agriculture (Morse, 2000) and
therefore, are eligible for federal assistance for emergency losses (Code of Federal
Regulations, 2011). Honey bee losses have had significant impacts on the agricultural
economy, with fewer crops being pollinated, and therefore a smaller profit for farmers
(Gallai et al., 2009).
Beekeepers experience larger losses than any other agricultural organism.
Beekeepers lost an average of 40% of their honey bee colonies in the United States from
2010 to 2019 (Bruckner at al., 2020). The livestock loss is above average compared to other
agriculture organisms, like cattle. Acceptable losses for adult cattle livestock in the US is
3% (USDA, 2017). When compared to other livestock operations, bee keeping accepts
larger losses of individuals than others, and the tolerance for loss of hives is increasing
through time. In the early 2000’s, the beekeeping industry considered ~10-15% overwinter
losses acceptable but now those are considered minimal as more colonies are reportedly
failing during summer and over winter so beekeepers must recover from 2-3 times higher
losses than previously accepted. High colony losses are often attributed to mismanaged or
poorly controlled infections from the ectoparasitic Varroa mite Varroa destructor
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(Anderson and Trueman, 2000) and the pathogens vectored by mites (Huang 2012, Honey
Bee Health Coalition 2018, Canale et al. 2021), loss of habitat and pesticide misuse
(Shepherd et al., 2003), and poor management by new and inexperienced beekeepers (Fels,
2019).
Varroa mites are ectoparasitic mites that feed on honey bee fat bodies which deplete
hosts of critical proteins and make them more susceptible to a suite of pathogens (Ramsey
et al., 2019). Varroa mite infestation is one of the greatest threats to honey bee health
(Honey Bee Health Coalition, 2018). The ability to recognize signs and monitor for Varroa
mite infestation levels is necessary for beekeepers to select appropriate management
options. Timely and effective action to reduce mite loads can reduce colony losses and
avoid potential spread of infection disease among colonies (Honey Bee Health Coalition,
2018). There are several tools available for measuring mite levels in honey bee colonies,
including destructive (alcohol washes) and non-destructive (powdered sugar shake)
sampling methods to remove phoretic mites from adult bees (Figure 2.3). The use of these
tools and interventions requires knowledge of mite biology and proper training. Therefore,
Varroa mite management remains the biggest challenge for new and advanced beekeepers
and is also at the root of poor management issues that arise, particularly with inexperienced
or misinformed beekeepers (Findlay et al. 2015, Jacques et al. 2017).
Management practices greatly influence colony health, and not providing correct
treatment and care to the bees can hurt the entire colony as well as neighboring colonies
(Sperandio et al. 2019, Gross 2020). Providing beekeepers with educational resources and
verified management practice recommendations will help mitigate the impact of poor
management and help beekeepers learn how to better care for their honey bee colonies
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(Findlay et al. 2015, Jacques et al. 2017, Gross 2020). Mismanagement of colonies is a
growing concern and problem especially with the increased popularity of beekeeping in
the last decade. More research and application must be conducted on correct management
of honey bees by beekeepers (Hall et al., 2020). As the diversity of challenges grows and
the diverse audience of beekeepers grows, innovations are essential to adapt the equipment
to the needs of the beekeepers.
2.2.2 Alternative hive structures
Beekeeping equipment innovations should be scientifically vetted to ensure they
are effective for users and honey bees. During beekeeping workshops and events held by
the UNL Bee Lab, verbal feedback was received from participants regarding management
techniques and improving their beekeeping practices. One of the questions the UNL Bee
Lab continued to receive was the viability of structures other than the standard Langstroth
hive.
The development of the optimal hive structure is much like other technology
innovations through the years; there is the necessity for improvement to better suit needs,
the introduction of novel designs, and the evaluation and implementation of new practices
(Kritsky, 2010). Hive structure designs for managing honey bee colonies vary across the
world and are heavily influenced by availability of time and resources, cultural aspects,
and functionality concerns. There are dozens of known types of beehive structures, but
most tend to fall into one of three categories: traditional, intermediate, or modern (Kritsky,
2010) (Figure 2.4). “Traditional” hives are defined by having fixed comb in a structure
such as a hollow log, basket, or manmade cavity (Gorfu, 2005). The advantage of
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“traditional” type hives is the lowest cost and easy accessibility. A major disadvantage is
the fixed comb severely limits regular health inspections and combs are destroyed during
honey harvesting. The fixed comb design impacts long-term production and input costs
(Gorfu, 2005). “Intermediate” type hives tend to have some top support for combs
anchoring one side of the comb to allow easy removal and inspection of comb cells (Gorfu,
2005). The Kenya top-bar hive (KTBH) is an example of an intermediate hive. The KTBH
has a simple, effective design and is globally popular due to its low cost, ease to construct,
and moveable comb on wooden bars (FAO 1990, Nicola 2002, Gorfu 2005, Tessega 2009,
Gebremedhn et al. 2013, DeWeerdt 2015). The challenges of the KTBH include the wax
comb breaks easily (the comb is attached to one point on the frame, Figure 2.7) and bends
when hot. Also, the KTBH frames do not work in the standard centrifuge for extracting
honey, so the only method of honey extraction requires damaging the wax through crush
and strain or cutting comb out. Top-bar hives produce less honey than Modern hives
(Birhan et al. 2015, Gorfu 2005).
To contrast, “Modern” type hives are associated with the innovation of moveable
frames and rectangular hive boxes that can be stacked for vertical colony expansion (Gorfu,
2005). Moveable frames are used as anchors for bees to build beeswax comb where brood
and food reserves are stored. However, unlike “Intermediate” type supports, “Modern”
frames anchor all four sides of each comb to the wooden frame, which makes combs
sturdier to move, facilitating greater control for beekeepers. The moveable frames allow
beekeepers to inspect colonies more frequently without damage to combs and minimal
disturbance to the rest of the hive, allowing beekeepers to make more informed
management decisions regarding when colonies require supplemental feed or interventions
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to control for hive pests and pathogens. Frame anchors also standardize the space in
between combs and guides bees to build combs parallel and straight. The design and bee
behavior allows for minimal disturbance during honey harvesting and the ability to reuse
combs after harvest, a breakthrough invention for the beekeeping industry (Gorfu 2005,
Kritsky 2010). The previously mentioned Langstroth hive, although developed in 1852, is
considered a “Modern” hive type (Ramirez, 2000). The Langstroth is a “Modern” style
because it allows for versatile management, by swapping frames and boxes, and time and
cost-effective honey harvesting (Gorfu, 2005). However, based on personal observation,
disadvantages of cost, limited supply, specialized production technology, and ease of use
are barriers to hobby beekeepers. “Modern” hives are the most expensive for initial
material cost ($374 as of 2022, average from Dadant©, MannLake©, Lapps©) and least
available due to the technology required to create the equipment (Gorfu, 2005).
Additionally, while the Langstroth hive type encourages colony growth and honey
production, the weight of a single full Langstroth deep box weighs 60-70 lbs (27-32kg) and
for many, becomes physically limiting (Gross, 2020). Therefore, in response to beekeeper
requests, my research focused on comparing alternative hive structures to evaluate
innovative structures that can provide improved functionality for limited mobility
beekeepers while sustaining colony health and productivity.
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2.2.3 Study objectives
The research objective was to evaluate three different hive structures for
functionality (assessed through adult & brood population as well as wax, pollen, and honey
production measures) and performance (assessed by comparing mite loads, overwintering
survivability, final weight gain) to elucidate advantages and disadvantages of each hive
structure type. Results and scientific recommendations developed from my research may
facilitate successful management of bees for a diverse array of beekeepers and purposes,
including conservation education. The partnerships between beekeepers and Extension
educations strengthen communities, increase educational opportunities, and further
promote local engagement regarding the importance of pollinator-friendly landscapes and
practices that support healthy landscapes for managed and wild bees. Research results may
also greatly reduce or eliminate maneuverability challenges and expand the audience range
for the beekeeping industry.

2.3 Materials and Methods
2.3.1 Hive structure treatments
In my study, a “hive” refers to the bees and nesting materials, including the beeswax
combs and the hive structure or box that houses them, while a “colony” refers to the group
of bees, including the adult (worker, queen, and drone) and immature bees. The three hive
structures treatment types include the following: Treatment 1 (T1) colonies named
“Brummel” used brood chambers the same size as Deeps (T2) but colony expansion
occurred horizontally within the hive structure (Figure 2.5); Treatment 2 (T2) or the control
colonies, utilized standard equipment or Langstroth “Deeps” as brood chambers where
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immature stages of bees are reared allowing colony or brood expansion to occur vertically
within the hive structure; and Treatment 3 (T3) colonies used smaller boxes or “Supers” as
rearing brood chambers and also expanded vertically within the hive structure. All colonies
used Langstroth Supers for additional vertical honey storage (Figures 2.6).
The Deeps (T2) and Supers (T3) were selected because they are the most commonly
used equipment boxes commercially available and are easily accessible for beekeepers.
The “Deep” boxes are used for housing the brood chambers, especially among commercial
beekeepers while “Super” boxes are typically used for honey collection only because they
are proportionally smaller and weigh roughly 40-60 lbs (18.1 to 27.2kg) less than Deeps
when filled with honey. The “Brummel” box (T1) design was a modification from the
intermediate hive type, the Kenya top-bar hive (KTBH) structure. The “Brummel” box was
designed to include modern hive technology of stacked boxes, but with horizontal
expansion rather than the vertical expansion seen in Langstroth hives (Figure 2.8).
2.3.2 Hive structure equipment comparisons
All equipment used in my experiment was new and previously unused and
constructed from premium-cut pine. Migratory lids were utilized for Brummels and
telescope lids were used for Deeps and Supers. (Figure 2.10). Duck cloth was used for
inner covers (Figure 2.11). Inside each hive structure are frames. A frame is a wooden,
rectangular, structural element that houses the beeswax comb where offspring are reared,
and food (nectar, pollen) is stored. The hive frames are removable which allows for easy
health inspections and extracting excess honey. The frames used in my research had a wood
top, bottom and sides, forming a rectangle or “frame”, and had a thin plastic support, called
a foundation sheet, where beeswax is formed and drawn into comb cells by worker bees
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(Figure 2.12). The foundation was made of black or yellow plastic, and had small, raised
hexagons covering the surface which encouraged the honey bees to draw uniform shaped
comb on both sides of each frame. And ten frames were used per box for rearing brood
chambers and honey storage.
Other similarities among the three hive types included metal queen excluders
placed between the brood chambers and honey to prevent the queen from laying eggs in
the honey supers (Figure 2.13). Ratchet straps and bricks were used to keep the hives being
knocked over by strong winds and/or predatory organisms. Top board feeders were used
for spring and fall feeding (Figure 2.14). The bases of the hives, called bottom boards, had
All-Season Mouse Guards installed (Figure 2.15).
The three hive types vary by hive orientation, weight, frame surface area, and brood
chamber surface area. The Langstroth Deep and Super equipment was purchased preassembled from Mann Lake Bee & Ag Supply©. The Brummel Boxes were handmade;
wood was cut and assembled throughout January and February of 2020. All hive equipment
was placed in the apiaries the week of bee package installation. Deep (T2) and Super (T3)
boxes are vertically oriented, but the Brummel (T1) boxes are horizontally oriented. The
weight of each hive type varies, and the Brummel boxes are the heaviest structure of the
three treatments but also require the least physical labor to manage because only the frames
get removed; the wooden structure or Deeps boxes are heavier than Supers. Weight
comparison can be viewed in Column A in Table 2.1 below. Supers have the smallest frame
surface area; Deeps and Brummels have the same frame surface area (Column C, Table
2.1). All three hive structure types shared an equivalent area for rearing brood or brood
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chambers of around 36,500 cm2, even though it required different quantities of boxes by
hive type (Column F, Table 2.1).
Other minor differences in hive set-up included Super and Deep hives were placed
on wooden pallets. The Brummel Box was mounted on wooden stilt legs or placed on
cinder blocks to keep it off the ground (Figure 2.9).

Treatment

(A) Weight
per box
structure w/
10 frames
(empty/full
honey)

(B)
(C)
Dimensions
Surface
of each frame Area of
each
frame
(2 sides
per
frame)

(D) Box
dimensions

(E) Total
(F) Total
Surface Area Brood Area
for each box
(10
frames/box)

T1 (Brummel)

50kg/125kg

21.6 cm x
42.5 cm

1,837.1
cm2

119.4 cm L x 18,371 cm2
50.8 cm W x
25.4 cm H

E *2=
36,742 cm2

T2 (Deep)

7.8 kg/ 41kg

21.6 cm x
42.6 cm

1,837.1
cm2

18,371 cm2

E *2=
36,742 cm2

T3 (Super)

5.03kg/18kg

14.3 x 42.6
cm

1,215.8
cm2

50.1 cm L x
41.3 cm W x
24 cm H
50.1 cm L x
41.3 cm W x
14.4 cm H

12,158 cm2

E* 3=
36,474 cm2

Table 2.1. Dimension and weight comparisons for each treatment hive structure:
(Brummel (T1), Deep (T2), and Super (T3) and including measurements for boxes and
the amount of comb (cm2) for each frame. These measures were used to standardize
treatment structure types so that the amount of comb surface or the amount of brood and
food storage area available in two Deeps (T2) boxes or two Brummel (T1) boxes was
equivalent to the amount of comb surface in three Supers (T3) boxes (~36,474 to ~36,747
(cm2).
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2.3.3 Research apiaries and hive set-up
A total of 48 honey bee colonies were randomly installed in one of the three hive
structure types and evaluated for differences across two years (2020-2021) and two
locations (Lincoln, NE; Nebraska City, NE). In 2020, all deliveries of “bee packages”
(which are started colonies that consist of roughly 10,000 worker bees and an egg-laying
queen) were canceled due to the Coronavirus Pandemic. Therefore, in April 2020, 24 bee
packages were assembled from our surviving stock of healthy overwintered colonies each
with a one-year-old laying queen. In the following year, in April 2021, 24 new honey bee
packages (3lbs each) were received from California and each contained ~10,000 worker
bees and a new laying queen. All colonies were a mix of Carniolan and Italian honey bee
stocks.

The research colonies were placed at the Pollinator Garden (40.829842, -

96.656287) in Lincoln and Kimmel Orchard & Vineyard (40.698486, -95.895285) in
Nebraska City in early Spring (April) of each year (Figure 2.16).
2.3.4 Colony functionality measures
Colony functionality for a total of 48 hives was compared across treatment (T1, T2,
and T3), season (early, mid, and late), location (Lincoln, Nebraska City), and year (2020
and 2021). Functionality of colonies was based on the following colony productivity
measures:
• Wax production: the amount coverage (cm2) of fully drawn-out comb cells on the
plastic foundation base provided on each frame.
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• Adult population: the frame coverage or area (cm2) of each frame side covered with
adult honey bees. (Adults on the edge of the frame, bearding on the exterior of the hive,
or inside the hive structure were not accounted for).
• Brood population: the frame coverage or area (cm2) of each frame side covered with
brood or offspring at any development stage, including eggs and larvae (contained in
open comb cells), and pupae which are capped with a wax covering and contained in
sealed brood cells during final metamorphosis into their adult form.
• Food stores: the frame coverage or area (cm2) of each frame side covered with comb
cells filled with pollen or nectar. Nectar or honey from the brood chambers was
measured as food stores. Functionality measures were assessed and recorded during
regular hive inspections by estimating coverage (cm) over the frame using grid
sections.
Each side of each frame (10 frames per box) were separately measured but pooled
together and quantified by colony to compare across four variables: treatment, location,
season, and year (Figure 2.17). These productivity measures were selected to investigate
if the hive structures would allow the bees to thrive and have a balance of resources.
2.3.5 Colony performance measures
Colony performance was measured by evaluating management variables that affect colony
health including:
• Overwintering survivability: Survivability was recorded throughout the summer
and into the following spring to capture over winter losses.
• Honey Yield: Final weight (kg) of total honey produced in honey chambers,
measured using industrial scales, Broodminders, which allowed for continuous
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measurement of bee colony weight, and stainless steel hanging manual weight scale
(Asani©) which had a 300 kg maximum capacity, a precision of 0.1 kg.
• Varroa destructor mite counts: Varroa mites were sampled from colonies across
seasons: mid-summer (June), late summer (July), and fall (September) using powdered
sugar assays (Ellis and Acedo, 2001). For these assays, around 300 adult worker bees
were removed from the brood area and transferred into a quart mason jar secured with
a mesh lid. About 32 grams of powdered sugar was added to the jar of live bees through
the mesh lid and rolled until the bees were completely covered in powdered sugar. The
jar was set in a shady location for three minutes. The agitated bees vibrated their wing
muscles and the generated heat dislodged the Varroa mites from their bodies (Ellis and
Acedo, 2001). Bees were returned to the colony and the remaining sugar and mites
were discarded from the jar. Mites were quantified and extrapolated to estimate mite
load per colony. Treatment thresholds were based on % mite/100 bees counts (Table
2.2)(Honey Bee Health Coalition, 2018). Based on the thresholds, chemical treatments
were added to better manage mite loads (Table 2.3).

Table 2.2. Treatment Thresholds by Phase (%= Number of mites/ 100 adult bees). We
used these guidelines to determine when colonies required varroa mite treatment.
Source: Honey Bee Health Coalition.
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Table 2.3. Treatments for Varroa mites included oxalic acid (OA) liquid dribble and
Apiguard (Apig) placed on wax-coated paper. 2020 varied in treatment due to apiary
manager turn-over and mite assay results.
2.3.6. Functionality Measures and Statistical analysis
Functionality measures were collected separately for the variables of wax, adults,
brood, pollen, and nectar collection/honey production from each side of the frames, and
then pooled together and quantified by colony to compare across treatments, location,
season, and year. The average amount of wax or comb cells produced was determined by
measuring the area (cm2) covered with drawn out wax or comb cells deposited on the
plastic foundation frames and averaging the number of frames within each colony. The
average amount of brood produced was determined by measuring the area (cm2) covered
with uncapped or capped brood and averaging the number of frames within each colony.
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The average (±SE) area (cm2) of comb with pollen produced was determined by measuring
the area (cm2) covered with pollen and averaging the number of frames within each colony.
Finally, nectar collection and honey production were estimated using the average (±SE)
amount of nectar produced was determined by measuring the area (cm2) covered with
uncapped nectar or capped honey and averaging the number of frames within each colony.
Functionality measures were analyzed using the response as the value total divided
by the number of frames with the particular measure (wax, adults, pollen, etc.) across the
colony to account for continued colony expansion but control for the number of unused
frames within each hive.
! #$#%&
'(%)*+ ,-#. ! '($) #.* /$&$01

Functionality and performance (mite counts, overwinter survivability and weight
gains) responses were analyzed using a repeated measures linear mixed model approach,
considering all treatment and experimental design effects. The four factors assessed in each
model included the three Hive Structure Treatments (hive type), two Locations (“Pollinator
Garden (PG)” apiary on the Lincoln campus and “Kimmel” Orchard & Vineyard apiary),
Season (early, mid, and late summer), and Year (2020 or 2021)). Random effects were
included in each model to account for the experimental design variability due to the
replication of apiaries across years, and the replication of hive types within a year and
apiary. Lastly, a random effect was added to account for the correlation between repeated
measurements taken over seasons, utilizing an AR(1) covariance structure. Responses were
assumed to be normally distributed and normality assumptions were checked based on
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residual plots. All analyses were conducted using the PROC GLIMMIX procedure within
SAS version 9.4 (SAS, Cary, NC).
The p-values from the Type III tests of fixed effects were used to evaluate the
overall significance of interactions and individual variable effects from the 3 x 2 x 3 x 2
factorial treatment design. When significant interactions occurred, pairwise comparisons
(simple effect differences) were evaluated within each level of a given variable. Individual
variable (main effect) differences were only reported when no biologically significant
interactions included the particular variable of interest. All statistical significance has been
evaluated at alpha <0.05.

2.4 Results: Colony functionality
2.4.1 Wax production
The average amount of wax or comb cells produced was determined by measuring
the area (cm2) covered with drawn out wax or comb cells deposited on the plastic
foundation frames and averaging the number of frames within each colony. There were
significant interaction effects and differences in wax production across all seasons (early,
mid, and late) within both collection years as well as significant differences between years
(2020 and 2021) for early and late season measurements (F2,72= 31.47, p=0.0001)(Figure
2.19). Additionally, an interaction effect was observed between season * hive type. Across
the seasonal collection periods, the average (±SE) area (cm2) on each frame covered with
wax cells in Deep (T2) colonies increased from 1.97e4 (±0.06) in early season to 2.78e4
(±0.06) in late season measures which was similar to the rate of expansion observed in
Brummel (T1) colonies from 1.88e4 (±0.06) to 2.75e4 (±0.06) (cm2). In comparison to T1
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and T3, Super (T3) colonies produced significantly less wax (~31-32%) across all seasonal
collections scoring on average 1.36e4 (±0.06) to 1.89e4 (±0.06) (cm2) from early to late
season (F2,72= 4.39, p=0.0031).

2.4.2 Adult worker bee population
A 3-way interaction effect between location*season*year was observed for adult
worker bee population measures because in 2020, adult bee population or coverage was
comparable across locations, season, and year. However, in 2021, the adult population
increased from mid to late season at Kimmel Orchard & Vineyard while the adult
population decreased from mid to late season at the PG apiary (F2,72=2.92; p=0.06)(Figure
2.20). Treatment type was not a factor in any interaction effects and can be reported as the
simple effect pooling across season, location, and year. The average (±SE) amount of
surface area covered with adult worker bees in Deep (T2) colonies (1.13e4 (±0.04)(cm2))
was similar to Brummel (T1) (1.19e4 (±0.04)(cm2)) colonies and significantly greater
(~32.2% and 35.9, respectively) compared to Super (T3)(0.77e4 (±0.04)(cm2))(F2,72=29.46;
p=0.0001).
2.4.3 Brood production
The average amount of brood produced was determined by measuring the area
(cm2) covered with uncapped or capped brood and averaging the number of frames within
each colony. There were no significant interaction effects, but there were main effects of
season (early, mid, late) and hive type. Brood measures were significantly higher in early
season collections compared to late season (F2,72= 4.08, p=0.0209). Differences were also
observed in brood production across hive types (F2, 24=19.72, p=0.0001)(Figure 2.21). The
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average (±SE) area (cm2) on each frame covered with brood in Deep (T2) colonies
increased from 1.27e4 (±0.08) to 1.45e4 (±0.08) from early to late season observations
which exhibited a similar rate of expansion compared to Brummel (T1) colonies ((1.25e4
(±0.08) to 1.43e4 (±0.08) (cm2)). In comparison to T1 and T2, Super (T3) colonies
produced significantly less brood scoring on average 0.91e4 (±0.08) to 1.09 (±0.08) (cm2)
or ~29-30.5% less brood than compared to Brummel and Deep colonies.

2.4.4 Pollen stores
The average (±SE) area (cm2) of comb with pollen produced was determined by
measuring the area (cm2) covered with pollen and averaging the number of frames within
each colony. A significant 2-way interaction was found between season (early, mid, late)
and year (2020, 2021) (F2,72=5.14, p=0.0082), however the interaction effect was not
biologically relevant. The significant two-way interaction of interest was between hive type
and year (F2,24= 4.61, p=0.0202)(Figure 2.22). In 2020, all hive types were significantly
different from one another. More specifically, in 2020, Deep (T2) colonies had the highest
average for pollen stores with 7,274 (±0.04)(cm2) but in 2021, trends reversed and
Brummel (T1) colonies had more pollen cells (6,744 (±0.04)(cm2)) than compared to Deep
(T2) colonies (5,735 (±0.04)(cm2) pollen cells). However, T1 and T2 were not statistically
different for 2020 or 2021 (p=0.0659). To contrast, Super (T3) colonies had statistically
lower pollen stores for both years (2020: 4,429 (±0.04) cells and 2021: 3,959 (±0.04) cells,
respectively) and produced ~50.5% and 57.6% less pollen compared to other treatment
(Brummel (T1) and Deep (T2)) colonies.

74
2.4.5 Nectar collection
The average (±SE) amount of nectar produced was determined by measuring the
area (cm2) covered with uncapped nectar or capped honey and averaging the number of
frames within each colony. There was a significant 3-way interaction effect between
apiary*season*year (F2,72=5.40, p=0.0065) as well as 2-way interactions between
apiary*season and season*year, however these interaction effects were not biologically
relevant. The 2-way interaction effect of interest was between treatments (T1, T2, T3) and
season (early, mid, late) (F4,72=2.92, p=0.0269)(Figure 2.23). Colonies from each hive type
accumulated nectar stores over the season from early, mid, and late summer. The
average(±SE) area (cm2) of comb with nectar or honey in Deep (T2) colonies ranged from
6,324(±0.058) comb cells in early season to 17,317(±0.06) cells by late season. Similarly,
Brummel (T1) colonies averaged 6,462(±0.06) nectar cells in early season and averages
increased to 16,148(±0.06) nectar cells by late season collections. In comparison, Super
(T3) colonies averaged 4,714(±0.06) nectar cells in early season and increased only to
12,378(±0.056) nectar cells by late season. Super (T3) colonies produced ~35.7, 41.9, and
35% less nectar during all seasons (early, mid, late) compared to other treatment (Brummel
(T1) and Deep (T2)) colonies.

2.5 Results: Colony performance
2.5.1 Varroa mite loads
Initially, Varroa mites were sampled from all colonies 3 times across the season
from early season (June), mid-season (July), and late season (September). However, mite
levels were low during early and mid-season samples. Further, June samples had few or no
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mites therefore early season samples (June data) were removed from the analyses. A
significant interaction effect was found across apiary*year*season (F1, 51= 6.78, p=0.0120)
for mite loads but was not associated with hive type so the main effect of hive type can be
reported. There were no significant differences in mite loads by hive type (F2, 24= 1.37,
p=0.2735) indicating hive structures were not a driving factor for mites. There was an
increase of mites between July and September in 2020 across hive types and locations, with
an average increase from 3 mites (July 2020) to 30 mites (September 2020), a 900%
increase in mites. Additionally, in 2020 there were ~83% more mites at late season
compared to 2021, strongly suggesting that mite loads, in my study, were highly driven by
year as well and likely due to the differences in age of queen and hives (overwintered hives
used in 2020 versus new packages in 2021) as well as mite control methods between years
(Table 2.4).
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Brummel (T1)

Brummel (T1)

Deep (T2)

Deep (T2)

Super (T3)

Super (T3)

Table 2.4. Average number of Varroa destructor mites per 300 bees sampled
using the powdered sugar shake method during mid-summer (July) and fall (September)
collections and reported by treatment hive type (Brummel (T1), Deep (T2), Super (T3),
apiary location (Pollinator Garden, Lincoln and Kimmel Orchard & Vineyard, Nebraska
City), and year (2020, 2021).
2.5.2 Overwinter survivability
Survivability was higher in 2021 compared to 2020 across both locations and hive
types. Of the total 48 colonies, 3 colonies (6%) survived in 2020 and 16 (33%) survived
in 2021. Super (T3) and Brummel (T1) colonies had a 40% higher survival rate compared
to Deep (T2) colonies across years and locations (Figure 2.24). Of 16 colonies for each
treatment type across both years, Deeps (T2) colonies had 5 colonies overwinter
successfully, a 31.3% survival rate, Supers (T3) had 7 colonies, a 43.8% survival rate, and
Brummels (T1) also had 7 colonies survive.
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2.5.3 Total honey production
Total honey production measures taken at the end of each year in September
showed no interaction effects across location or year, so only the main effects of hive type
are reported here. The average yield in pounds (LSmean ± SE) of honey produced across
both locations and years was, 69.5 ± 10.6, 47.9 ± 10.2, and 48.4 ± 10.6 for T1, T2, and
T3, respectively. Although Brummel (T1) colonies yielded roughly ~20 more pounds (~9
kg) of honey compared to T2 and T3 colonies, the result was not statistically different
(F2,22=1.76; p=0.196), indicating the alternative hive structure types (T1 & T3) performed
equally as well in total honey production compared to the standard Langstroth set-up (T2).

2.6 Discussion
Across both years and locations, Supers significantly underperformed in wax, adult,
brood, pollen, and nectar collection (Table 2.5) but underperformance in these measures
did not negatively impact overall honey production, mite loads, or survivability (Table 2.6).
All hives were significantly indifferent with Performance measures.
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Table 2.5. Functionality variables specific to Super (T3) because only significant
interaction percentages or averages are reported, and averaged across both locations
and years (2020, 2021). Super (T3) colonies experienced fewer functionality measures
compared to T1 and T2.

Performance Brummel (T1) Deep (T2)
variable

Super (T3)

Average
mites

6 mites

6 mites

Survivability 43.8%

31.3%

43.8%

Honey yield

21.9 kg

21.7 kg

4 mites

31.5 kg

Table 2.6. Performance variables for all three treatments and averaged across both
locations and years (2020, 2021) No significant differences were experienced in any
performance measures. Averages have been included for reference.
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Wax production
The amount of wax cells produced on frames is reflective of brood and food storage
capacity and thus colony expansion over seasons. There was a significant interaction effect
between both years (2020, 2021) for early and late season measurements because the
frames in the early season started without wax and the bees “draw out” or build new wax
cells over the course of the season, consequently ending with a steady accumulation of wax
production until all available frames are drawn out. There was also a significant interaction
effect between season and hive type, with Super (T3) colonies producing ~31-32% less
wax than T1 and T2 colonies across all seasonal collections. The result is explained by the
significantly smaller populations of adult workers and brood recorded in Super (T3)
colonies (Figure 2.19). With a smaller worker population, there are less workers allocated
to secondary functions such as building wax.

Worker bee populations (Adults & Brood)
At the PG apiary, adult populations fell over the course of the season from early to
mid to late season 2021 whereas adult populations increased at the Kimmel apiary for all
hive types. The early to mid-season decline at the PG apiary was likely due to more adult
bees foraging, and the mid to late season decline was likely due to the natural, biological
decline honey bee populations experience in the fall due to preparation for the winter. The
Kimmel population increases likely are explained by the apiary location in a less urban,
more diverse landscape.
When compared across hive types, the Supers (T3) under-performed in adult
population growth significantly compared to Deep (T2) and Brummel (T1) colonies.
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Supers (T3) had ~32.2-35.9% fewer adults than T1 and T2. Supers (T3) also had ~30%
less brood than T1 and T2 both years. Less production of brood means less production of
adults, which also explains why the Supers (T3) underperformed in brood and adult
populations both by ~30% because those functionality measures are correlated.
There were no significant interaction effects, just main effects of season (early, mid,
late) and hive type on brood production. With seasonal effects, brood production decreased
over time for all hive types, years and locations. In a typical managed colony cycle, colony
populations grow rapidly in the spring, starting with a 3lb package of adults and no
resources, therefore, the queen must produce brood for the colony to expand and sustain
productivity. Also, adult bees naturally reduce brood production in late season in
preparation for winter. Any brood remaining during the winter is susceptible to freezing
temperatures and may be aborted if not covered and kept warm by worker bees. Brood
production has a high energy cost. Colonies with little to no brood during the winter allows
adults to save energy and resources, move more readily on combs to access food stores,
and sustain larger overwintering clusters to keep the queen bee warm and alive.
During the season, higher brood production has disadvantages. and comes at the
risk of higher Varroa mite loads since the mites reproduce in the cells of developing brood.
For example, in 2021 at Kimmel Orchard & Vineyard, the Deeps (T2) had a 70% higher
average brood count than T1 and T3 colonies. Although hive types were not statistically
significant with mite counts, apiary*year*season had an interaction. The same T2 also had
86% higher mite counts and a 29% higher adult population in that year and location
compared to T1 and T3. The 2021 Kimmel Deeps (T2) also experienced the lowest survival
rate compared to T1 and T3. So, higher brood production influences honey bee adult which

81
may influence Varroa mite populations, which may then influence overwinter
survivability.
Hive type influenced brood production as Super (T3) colonies produced ~29-30.5%
less brood than Brummel (T1) and Deep (T2) colonies (Figure 2.21). Even though the total
surface area is equivalent, there is more wood and equipment material in the Supers (T3).
T3 require three brood chamber boxes compared to two brood chamber boxes for T1 and
T2 colonies. Supers have less surface for wax foundation and therefore brood. The
condition likely leads to lower correlated functionality values like adult population, pollen
and nectar collection, and honey production.

Food resources (pollen & nectar)
Pollen measurement results for the two years showed a hive and year effect, but
not a significant apiary effect (Figure 2.22). Super (T3) colonies produced half as much
pollen in both years compared to the two other treatments. Supers (T3) also produced ~35
to 41.9% less nectar during all seasons compared to the other hive types, which was a
significant difference (P=0.02) (Figure 2.23). However, these differences did not translate
into a significant difference in honey production or the ability to overwinter (colony
performance measures).
Super (T3) colonies had around 30% less wax production, adult and brood
populations, which may have influenced the low pollen and nectar amounts in Supers
because it would have limited storage space for resources and brood production, however,
further research would need to be conducted to confirm this.
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Varroa mite counts
In 2020 there were ~83% more mites in late season versus mid-season compared to
2021, strongly suggesting that mite loads, in my study, were highly driven by year (Table
2.4). The differences in the initial starter colonies (differing age of queens and hives) likely
contributed to these results. Furthermore, an additional chemical invention (Table 2.3) was
added in 2021 to better manage mite loads so the differences in mite treatments between
2020 and 2021 likely also contributed to these differences.
Hive Performance Measures: Overwinter survivability and Honey Production
Hive performance measures were not correlated with hive functionality measures
and hive type. Survivability was higher in 2021 compared to 2020 across both locations
and hive types, likely because of the parasite loads in 2020 (Table 2.4). Despite significant
differences observed in functionality measures, there was no statistical difference between
hive types for honey production yield, indicating the alternative hive structure types (T1 &
T3) performed equally as well in total honey production compared to the standard
Langstroth set-up (T2). Thus, when considering whether to use one of these three types of
hives, the beekeeper could consider ease of use and the best design for their situation, as
opposed to using only traditional Langstroth boxes.
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2.7 Limitations and other considerations
There was less user experience to obtain feedback of hive types than originally
desired due to COVID-19 restrictions. However, amongst the UNL Bee Lab team there
was preliminary, anecdotal user feedback (Figure 2.25). A majority concluded Supers are
significantly lighter to lift than the Deep boxes. The Brummel box is the lightest to lift
because the brood chamber does not need removal, but the wood tends to warp causing
gaps that require caulking and maintenance. The use of canvas inner cover generates a
healthy propolis seal. Propolis, or bee glue, is a mixture of plant saps and enzymes that
contain antibiotic properties which honey bees use to seal their nest and protect against
microbes. Therefore, there are pros and cons associated with each hive type and with little
differences on productivity users can decide which hive type suits their operational goals,
purposes, and needs.

2.7.1 Future directions
My research project presents opportunities for expanding research into beekeeper
feedback on the hive types. The overall vision for future directions includes:
• Gather public surveys evaluating user friendliness of alternative hive types.
• Evaluate accessibility accommodations for beekeepers using Brummel (T1) box.
• Distribute formal blueprints for the Brummel (T1) box.

The target audience I would like to reach with alternative hive types are youth and
adult beekeepers who cannot lift heavy boxes due to box weight or physical impairments.
Since in-person beekeeping workshops and Open Apiary sessions are occurring again,
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these settings provide an opportunity to formally evaluate specific aspects of alternative
hive types from the perspective of the general public. Preliminary surveys are already being
created and used, like in the UNL Bee Lab’s Level 2 beekeeping field day held in April
2022. Preliminary comments included the ease of lifting Super (T3) hives compared to
Deep (T2) hives. In regards to Brummel (T1) hives, people stated they enjoyed not having
to remove heavy boxes, but the angle of lifting the frame was awkward since they had to
stand in front of the front entrance to pull the frame straight out. Other beekeeping program
partners are interested in participating in surveys as well, including Great Plains Master
Beekeeping (S.Brummel) and Heroes to Hives (A.Ingrao).
In the process of writing my thesis, there was no peer-reviewed research regarding
accessibility accommodations for beekeepers. The Brummel box presents an opportunity
to test the effort of hive accessibility. The goal of surveying different hive types will be to
capture feedback and adapt equipment when possible to meet the needs of beekeepers,
while also providing a hive type that is functional for bees. Underserved beekeeping
communities include people with limited mobility, and we want to test if the Super and
Brummel hives, with its lower height and less maneuverability of boxes, can fit the needs
of that audience.
Data suggests that using alternative hive structures that require less physical labor
such as hives that expand horizontally (T1) will be comparable to using the standard
beekeeping method in Langstroth hive structures, and will not impact colony growth,
productivity, or performance. Therefore, to benefit beekeepers we feel distributing formal
blueprints for the public to recreate the Brummel hive will be a capstone to communicating
research and providing effective management tools.

85

2.8 Figures

Figure 2.1. Reverend Lorenzo Lorraine Langstroth developed the standard “Langstroth
Hive” type in 1852; the main benefits were the precision-cut wood allowed for the
rectangular boxes to be stacked for honey bee colony growth, and the frames were easy
to remove, inspect and harvest honey with minimal damage to the adult bees or comb.
(Photo: Courtney Brummel).
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Figure 2.2. The “modern” hives, such as those managed in Langstroth boxes, have
removeable frames (left) that allow for easy and regular inspection. Beekeepers can
thoroughly monitor for hive problems, assess adult and brood productions, and manage
food stores (nectar, honey, pollen) with minimal damage to combs and disturbance to
bees (right) (Photo: Courtney Brummel).
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Figure 2.3. Photos illustrate the powdered sugar shake method for monitoring Varroa
mite loads in honey bee colonies. Roughly, 300 bees (or ½ cup full) are collected using a
flat edged sampling cup (left). The adult bees were then placed into a mason jar with a
mesh lid, powdered sugar was added as an irritant causing bees to agitate muscles
generating heat that dislodges any phoretic mites loose. Then, the powdered sugar, with
any dislodged mites, are shaken out of the jar and quantified while the sugar-coated bees
are returned to the hive unharmed (right). (Photo: Courtney Brummel).
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Traditional

Intermediate

Modern

Figure 2.4. Photos compare the three categories of hive types that honey bees are kept
in. “Traditional” hives included materials people can easily find or make, such as woven
baskets or hollowed logs, but combs are fixed into the structure (left). “Intermediate”
hive types utilize some support for combs so that they may be removed but are designed
for horizontal colony expansion (middle). “Modern” hive structures, such as the
Langstroth hive, utilize wooden frame supports for more durable movable combs and has
a more flexible system of stackable boxes that can be added or removed from a colony to
better adjust to seasonal changes and needs (right). (left photo: Morgan
giftsfromgaiasgarden.com) (middle & right photo: Courtney Brummel).

Brummel Boxes

Supers

Brummel Boxes

Deeps

Figure 2.5. The apiary set-up showing all three treatment hive types at the Kimmel
Orchard & Vineyard apiary. Four separate colonies were installed in each of the three
treatment types and two apiary locations (Kimmel Orchard & Vineyard in Nebraska City
and Pollinator Garden in Lincoln). A total of 48 colonies were inspected every two weeks
from April through October in 2020 and 2021 (Photo: Courtney Brummel).
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Figure 2.6. All three treatment hive types used Langstroth supers for additional vertical
honey storage. Photo shows experimental colonies withing varying amounts of boxes
stacked for honey production at Kimmel Orchard & Vineyard, September 2020 (Photo:
Courtney Brummel).

Figure 2.7. The comb of the Kenya top-bar frame is supported at only the top edge of
each comb and heavy weighted combs must be handled carefully to prevent cells from
breaking off support bars (left). The support bar allows combs to be removed easily for
inspection, and in the “intermediate” type hive structure, the colony expands horizontally
through the box (right) (Photo: Courtney Brummel).
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Figure 2.8. Graphic of the Brummel Box “modern” hive design that expands
horizontally. Bees are installed in the far left or right side of the structure and a divider is
placed to contain them to one side until the colonies have expanded. The bottom holes
serve as entrances and corks are added when the entrance needs reduction (left). Hinges
on the bottom allow for the base to open for easy cleaning (right). (AutoCad, Graphic
design: Helen Little).
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Figure 2.9. Deep (left) and Super (right) hives were placed on wooden pallets (left) while
Brummel boxes were raised off the ground via attached wooden stilts or cinder blocks
(right). (Photo: Courtney Brummel).

Figure 2.10. Migratory lids were used on Brummel Boxes because they minimized the
gap when placed side by side (left). Standard telescope lids were used on Super and Deep
colonies (right). (Photo: Courtney Brummel).
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Figure 2.11. Natural #8 (18oz) cotton, heavyweight canvas duck cloth from Big Duck
Canvas© was used as an inner cover for all hives. Eight linear yards was enough to
cover all 24 colonies at a dimension of 50.2 cm long x 41.3 cm wide for each hive. The
duck cloth also served as a malleable cover to reduce robbing while conducting hive
inspections (as depicted). Duck cloth was beneficial because it reduced the gap between
the Brummel box and the lid. (Photo: Courtney Brummel).
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Figure 2.12. The frames used in my research had wooden supports for comb on the top,
bottom and sides, forming a rectangle, and had a plastic sheet, called a foundation, in the
middle which snaps into the wooden groves from the frame perimeter (left). The bees
trace the wax on the hexagons, forming the comb which holds their brood and food
resources (right). (Photo: Courtney Brummel).
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Figure 2.13. Queen excluders were placed on all hive types to ensure brood remained in
the allotted brood chamber boxes to provide equal comparison across hive structure
types. The queen excluder was a metal grill which the worker bees can squeeze through
to travel up to the honey supers but is too thin for the queen’s large abdomen to fit
through, preventing her from laying eggs in the honey supers. (Photo: Shelby Kittle).
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Figure 2.14. Top board feeders were used for spring and fall feeding for all hive types.
The lid is removed, and a sugar syrup dilution is poured into the feeder, which bees
consume through the middle from within the hive. (Photo: Courtney Brummel).
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Figure 2.15. The All-Season Mouse Guard (ASMG) is a one-time modification to the hive
entrance by adjusting the bottom board or floor of a Langstroth beehive. The simple
woodworking project provides year-round mouse exclusion by structurally preventing
mice from entering the beehive. Blueprints for the ASMG indicate the dimensions (left).
The installed ASMG fits flush with the top of the bottom board so boxes can sit level
(right). Currently, publication is pending for the ASMG device in an Extension journal.
(Graphic & photo: Courtney Brummel)

Figure 2.16. The research colonies were placed at the Pollinator Garden (40.829842, 96.656287) in Lincoln and Kimmel Orchard Apiary (40.698486, -95.895285) in
Nebraska City. (Graphic: Courtney Brummel).
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Estimated Average Wax Total Area (cm2)
Scaled down by 10,000

Estimated Average Wax Total across Season and Hive Type

Season
Figure 2.19. Wax production across season and hive type. F4,72= 4.39; p ≤ 0.031. Supers
under performed in wax production significantly compared to Brummel and Deep hives.
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Hive Type
Figure 2.20. Estimated average adult bees total across hive type.
F2,24= 29.46; p≤ 0.0001. Supers under performed in adult population significantly
compared to Brummel and Deep hives.
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Estimated Average Brood Total Area (cm2)
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Estimated Average Brood Total across Hive Type

Hive Type

Figure 2.21. Estimated average brood total across hive type F2, 24= 19.72; p ≤ 0.0001.
Supers under performed in brood production significantly compared to Brummel and
Deep hives.
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Estimated Average Pollen Total Area (cm 2)
Scaled down by 10,000

Estimated Average Pollen Total across Hive Type

Year
Figure 2.22. Estimated average pollen total across hive type F2, 24= 4.61; p ≤ 0.0202.
Supers under performed in pollen production significantly compared to Brummel and
Deep hives.
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Estimated Average Nectar Total Area (cm2)
Scaled down by 10,000

Estimated Average Nectar Total across Season and Hive Type

Season

Figure 2.23. Estimated average nectar total across season and hive type F4, 72= 2.92;
p ≤ 0.0269. Supers under performed in nectar production significantly compared to
Brummel and Deep hives.
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Figure 2.24. Colony survivability for 2020 and 2021. There was no significant difference
in colony survival.
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Figure 2.25. Preliminary user surveys indicated beekeepers positively responded to
Brummel boxes regarding the low height (left image), and positive response Supers due
to lighter boxes and frames (right image). (Photo: Courtney Brummel).
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